Sequential staining offers the application ofprimary antibodies of the same species as well as the same detection system for both antigens (Liposits et al.,1986; Sternberger and Joseph, 1979; Tramu et al., 1978; Nakane et al., 1968) . However, the time required for staining is much greater than that required for single staining methods, and often leads to deterioration oftissue morphology.
In addition, 
Materials and Methods

Trinitrophenylations
For preparation of trinitrophenyl (TNP) conjugates ofcarrier proteins, 200 mg trinitrobenzene sulfonic acid (Serva; Heidelberg, ERG) in 4 ml H20 were mixed with the same volume of 0.3 M NaHCO3, pH 8.5, containing 40 mg of BSA or OVA (Habeeb, 1966) . After 2 hr at 40C the solution was dialyzed against water.
For use as "artificial tissues," the carrier proteins were linked to Sepharose 4B beads using a modified divinyl sulfone procedure (Sharma et al., 1980) and were haptenylated thereafter. For TNP-ylation of the BSA-or OVA-loaded beads, 100 tl of settled gel were washed several times in 100 mM NaHCO3 buffer, pH 8.5, and re-suspended to a total volume of600 tl in the same buffer. After addition of25 p1 aqueous trinitrobenzene sulfonic acid (10 mg/mI; Serva), the sampies were thoroughly agitated for 1 hr at room temperature. , 1980) . Fifty mM glucose-i-phosphate was optionally added to the TNP-ylation medium to protect the active site of the enzyme. Aliquots of TNP-labeled enzyme were stored frozen, thawed before use, and further kept at 4'C without freezing again. No significant loss ofenzyme activity was observed for periods ofmore than 1 year at 4'C.
Biotinylations
Sepharose 4B-linked carrier proteins for use as "artificial tissues" were biotinylated as described above for the TN1 ylation, replacing the 25 tl aqueous tninitrobenzene sulfonic acid by 25 pi aqueous (6 mg/mI) biotinamidohexanoic acid N-hydroxysulfosuccinimide.
For biotinylation of immunoglobulins, 40-80 sl of 7.5 mM aqueous biotinyl-N-hydroxysulfosuccinimide (Serva) or of 7.5 mM aqueous biotinamidohexanoic acid N-hydroxysulfosuccinimide (spacer-extended activated biotin; Serva) were added to a solution of 1 mg purified IgG in 1 ml of 100 mM NaHCO3 buffer, pH 8.0, and the pH was readjusted.
After incubation for 1 hr at room temperature the reaction was blocked by 10 tl of4 M ethanolamine, pH 9.0, and the mixture finally dialyzed against several changes of PBS. All samples were stored frozen in the presence of 0.1% sodium azide.
Colorimetric Determinations
Phosphatase activity (Walter and Sch#{252}tt, 1974) Peroxidase activity was visualized with the same solution, supplemented with 0.015% H202, for another 5-10 mm. Semi-thin sections were pre-treated for postembedding staining as descnibed in the preceding report (Meyer et al., 1991) . Etched sections were routinely pre-incubated in 10% NGS for 10 mm and treated thereafter as described above. Peroxidase reaction product was intensified by treat-ment for 10 mm with 0.1% aqueous osmium tetroxide, and finally the 5cctions were dehydrated and coverslipped. Adjacent sections to immunocytochemically treated sections were stained with 1% toluidine blue at pH 9.0. 
Results
Anti-TNP Antibodies
Optimization with the Dot-blot System
The single components ofthe HAB technique were evaluated with a dot-blot system ( Figure  1 ). elution volume (ml) Figure 2 . Preparation of soluble immunocomplexes. Elution pattern of alkaline phosphatase activity after combining 2 ml RaTNP (50 sg/ml)with 2 ml TNP-aP (7.5 tg/mI)and passing the incubation mixture over a calibrated Sephacryl S-300 column (continuous line). At this RaTNPTNP-aP ratio, which amounts to one third of the equivalence point value, two peaks were obtained. The first peak (at 37-48 ml) corresponds to an apparent molecular weight of about 500-800 KD and represents TNP-aP excess soluble immunocomplexes. This peak has been pooled and assayed for signal enhancement in the HAB technique. The second peak (54-63 ml) presumably contained free TNP-ylated phosphatase as concluded from the elution volume, which coincided with that of TNP-aP alone (dotted line). Arrows (from left to right) indicate elution volumes of dextran blue (>2000 KD), ferritin (about 450 KD), and BSA(67 KD). Enzyme activity is given in units per 10 tI of fraction. 
Comparison ofHAB vs Avidin-Biotin Techniques
On dot-blots, antigen down to below 10 nmoles could be detected. Methods) after double staining showed brown (biotinylated) and dark blue (TNP-ylated) beads ( Figure  4a ). Pre-incubation of the anti-TNP  serum  with  TNP-OVA  rendered  TNP  beads  completely invisible, leaving the brown biotin beads alone ( Figure  4b ).
GABA-like immunoreactivity (GABA-li) and glutamate-like immunoreactivity (Glu-li) were demonstrated on semi-thin sections of the rat olfactory bulb ( Figure  5 ). GABA-li was visualized with the aid of TNP-ylated anti-GABA IgG and the HAB technique and flat-embedded in Epon 812. Semi-thin sections were incubated for 12 hr with a solution containing a mixture ofthe ABC complex (working dilution 1:1000) and RaTNP (40 tg/ml). The latter had been pre-incubated overnightwith either(a)OVA or(b)TNP-OVA, both at 2 tM concentration. After incubation with TNP-aP (working dilution 1:150) enzymes were visualized as described in Materials and Methods. Pro-incubation ofthe anti-TNP serum with TNP-ovalbumin rendered the dark-blue TNP beads completely invisible, baying the brown biotin beads alone (b). Bar = 100 tm. Comparison of staining shows the pattern of GIu-Ii and GABA-li to be essentially the same in single (d, Glu-li; f, GABA-li) and double stained (e) sections. The central tufted cell and an adjacent smaller neuron are positive for glutamate (d,.) and negative for GABA (f). Other small neurons (C, arrow) contain GABA-li and are largely devoid of Glu-li. Astrocytes link et al., 1987; Claassen et al., 1986; Wolffet al., 1985; Bauman et al., 1983) . 
